Misclassification of the dependent variable in binary choice models can result in inconsistency of the parameter estimates. I estimate probit models that treat misclassification probabilities as estimable parameters for three labor market outcomes: formal sector employment, pension contribution and job change. I use Living Standards Measurement Study data from Nicaragua, Peru, Brazil, Guatemala and Panama. I find that there is significant misclassification in eleven of the sixteen cases that I investigate. If misclassification is present but is ignored, estimates of the probit parameters and their standard errors are biased toward zero. In most cases, predicted probabilities of the outcomes are significantly affected by misclassification of the dependent variable. Even a moderate degree of misclassification can have substantial effects on the estimated parameters and on many of the predictions.
Introduction.
There are many labor market outcomes that are discrete and may be modeled by regression models in which the dependent variable is binary. Such discrete outcomes include employment in a particular sector of the economy, contribution by a worker to a pension plan, and job change. The regression models relate how worker characteristics affect the probability of a binary outcome. The probit model is commonly used to model binary outcomes. It is well known that misclassification of the binary dependent variable can result in inconsistent probit estimates. How prevalent is misclassification and how severe is the bias in probit models estimated with developing country data?
This paper investigates these data quality questions for three labor market outcomes for individuals: formal sector employment, pension contribution and job change using
Living Standards Measurement Study (LSMS) data from five Latin American countries:
Nicaragua, Peru, Brazil, Guatemala and Panama. Employment in the formal sector may convey information about job quality or flexibility. Pension contribution may also be a job quality indicator but is also of interest in its own right, for example if one is interested in future old-age support. Job change is of interest if one is interested in labor market flexibility or labor mobility. LSMS data have been used in previous empirical studies that model binary outcomes and it is useful to know more about the quality of these data.
Using several LSMS surveys and studying several binary outcomes, provides a fuller picture of the extent and consequences of misclassification than one could obtain from a more limited selection of data sets and outcomes.
Hausman, Abrevaya and Scott-Morton (1998) proposed a method to control for misclassification of the binary dependent variable in binary choice models such as probit.
The method considers two probabilities of misclassification: the probability that a "one" is misclassified as a "zero" and the probability that a "zero" is misclassified as a "one".
These probabilities are treated as parameters that are estimated along with the other coefficients of the model. This is done within the framework of a more general model that has the conventional probit model with no misclassification as a special case.
I estimate probit models with and without misclassification for the three outcomes using data from the five countries. I estimate significant misclassification probabilities in the majority of cases. I find that misclassification biases parameters toward zero.
Even moderate misclassification probabilities can have substantial effects on parameter estimates and predicted probabilities in many of the cases I investigate.
Methodology.
Suppose we have a discrete choice regression model a 0 is the probability that a reported (observed) value of one is truly a zero, a 1 is the probability that a reported (observed) value of zero is truly a one.
The expected value of the observed dependent variable for the probit model with misclassification is
The expected value of the true dependent variable ? i is the last term of the above expression. The parameters a 0, a 1 and ß can be estimated by maximizing the log-
The condition a 0 + a 1 < 1 is required for identification. Therefore, 11% of the sample has questionable observed schooling changes and these may result in misclassification -a figure that is close to the confidence interval for misclassification estimated using the model. For the 8 years threshold, the longitudinal information in the data reveals that 3% of the sample gains schooling to get to 1 from 0 1 Regressors in the model include an intercept, age, age squared, gender, and the misclassification parameters. According to a Wald test the misclassification parameters are equal to each other (Pr. = 0.72).
2 According to a Wald test the misclassification parameters are equal to each other (Pr. = 0.93).
and 2% loses schooling to get to 0 from1. Therefore, 5% of the sample has questionable observed schooling changes, a figure that is close to the confidence interval for misclassification estimated using the model. There may be more measurement error in the schooling data than suggested by the longitudinal information above, such as misclassification relative to the threshold in both years. In view of these considerations, the estimated mislassification probabilities are plausible.
3
Data and Estimates.
I use the Living Standards Measurement Study surveys for Nicaragua (1998), (2001), Peru (1994) , (1997), Brazil (1996-7) , Guatemala (2000) , and Panama (1997) to estimate models with and without misclassification for three labor market outcomes. These household surveys were carried out by national statistical agencies or local research institutes with the collaboration of the World Bank and other international organizations.
The surveys use similar questionnaires. I use two survey rounds for Nicaragua and Peru.
Longitudinal information is available for a subset of individuals for these two countries.
The other surveys are cross sectional. Table 2 reports summary statistics. I study three labor market outcomes for individuals: formal sector employment, pension contribution and job change in the past year. For Nicaragua and Peru I study the three labor market outcomes in the second year of the survey (2001 and 1997, respectively) . I use longitudinal information in these surveys to test for and correct for measurement error in the regressors.
I define formal sector employment as working for a firm or organization with more than five workers or being a self-employed professional. 4 I estimate reduced form probit models with and without misclassification for each of the three labor market outcomes and for the five countries. The regressors include an intercept, age and its square, schooling and a binary variable for gender. I have included only regressors that can be defended as being exogenous. I include individuals age 15 or more who report information on all regressors. Table 3 reports maximum likelihood estimates of the probit models for employment in the formal sector (henceforth formal sector). The first column reports estimates of the model without misclassification and the second column reports estimates of the model with misclassification for the five countries. Table 3 reports estimates for Brazil based on the firm size formal sector definition and also estimates based on the work registration/business license formal sector criterion. Table 4 reports the corresponding estimates of the pension contribution models and Table 5 reports the corresponding estimates of the job change models. those from the longitudinal sample with the same reported gender and birth year in both years. Table 6 reports specification test statistics.
For employment in the formal sector (Table 3) The estimates of the pension contribution model in Table 4 that controls for misclassification are significantly different from the estimates of the model without misclassification for all four surveys that include information on pension contribution:
Nicaragua, Peru, Brazil and Guatemala. I cannot reject at the 5 percent significance level the hypothesis that the mislassification parameters are equal to each other for Peru, but I 8 The estimated misclassification probabilities are applied to the observed number of cases in each sector and the expected numbers of individuals to be reassigned sector of employment are estimated. The true proportions are calculated after reassigning those individuals.
reject the equality hypothesis for the three other countries. For Nicaragua, Brazil and Guatemala the estimated misclassification probability that an individual reported as not contributing is truly contributing to a pension plan exceeds the probability of the reverse misclassification (a 1 > a 0 ). In all cases the estimates indicate that pension contribution is understated in the observed data. Perhaps some individuals tend to underreport participation in a program from which they will mainly benefit starting at a time that is decades away in the future.
For Nicaragua the observed pension contribution rate is 21.1 percent and the estimated true contribution rate is 45.6 percent. For Peru the observed rate is 14.6 percent and the estimated true rate is 15.3 percent. The estimated misclassification probabilities for Peru are both 0.01; therefore the small change in the estimate of the true contribution rate is not surprising. For Brazil, the observed pension contribution rate is 49.4 percent and the estimated true rate is 55.7 percent. For Guatemala the observed rate is 23 percent and the estimated true rate is 53 percent; a comparable change to that found for Nicaragua. For Nicaragua, Brazil and Guatemala, the observed proportion of individuals contributing to a pension pla n is lower than the proportion working in the formal sector.
However, the estimated true proportion contributing to a pension plan exceeds the estimated true proportion working in the formal sector. 9 Thus, according to these estimates, some individuals working in the informal sector in the three countries are building a degree of old-age financial security.
In all cases, the parameter estimates of the pension contribution probit models without misclassification and their standard errors are biased toward zero relative to the 9 Observed proportion for Guatemala. models with misclassification. The relative bias in the estimates of the models without misclassification is largest for Guatemala and Nicaragua is relatively moderate for Brazil and is smallest (but not zero) for Peru. The relative bias is increasing in the degree of misclassification.
For Nicaragua the estimates obtained with the sample that only uses longitudinal data on individuals age 15 or more who report the same gender and birth year differ significantly from those obtained with the larger sample of all individuals age 15 or more. 10 Table 4 reports the estimates obtained using the smaller sample and these should be less affected by measurement error in the gender and age regressors. For Peru, the estimates obtained using the two samples are not significantly different from each other and the estimates based on the larger sample are reported in Table 4 . I estimated the baseline probit model with mislassification for each outcome and for each of the two countries. I then estimated four alternative models for each case that implement each of the four ways of reducing measurement error in schooling. I then tested whether the baseline estimates are significantly different from the point estimates of each of the four alternative models. As reported in Table 6 , in all cases where the tests could be computed 14 the baseline estimates do not differ from the alternatives.
Controlling for measurement error in schooling using longitudinal information does not significantly affect the estimates for Nicaragua and for Peru.
The predictions reported above rely only on the observed proportions and the estimated misclassification probabilities. What is the overall impact of controlling for misclassification in probit models for the three labor market outcomes? In other words, 12 The other regressors in the schooling regressions are an intercept, age, age squared, and gender. 13 Using younger individuals who are more likely to complete additional schooling over a three year period would introduce measurement error in schooling (method 1) or will systematically exclude those who completed relatively more schooling (method 3). 14 The tests could be computed in 22 out of 24 cases. In two cases the model with the alternative measure of schooling did not converge.
what happens when we take account of the effects of other regressors in the models?
Some predictions that utilize the estimated probit parameters that are free of misclassification bias are useful for this purpose. Table 7 reports probabilities predicted at the means of the regressors using the parameter estimates reported in Tables 3, 4 Table 7 reports absolute values of relative changes in the predictions of the probit models without and with misclassification relative to the predictions of the models without misclassification. For Nicaragua (formal, job change), Peru (formal, pension, job change), Brazil (formalwork registration/business license, pension) and Guatemala (pension) the absolute values of the changes in the predicted probabilities are in the range of 12.5-71 percent. Two other predicted probabilities change modestly: Nicaragua (pension) and Panama (formal) with a range of 3.7-7.6 percent. In eight out of eleven cases in this table the predicted probabilities change by more than 10 percent when I control for misclassification.
Conclusion.
Using data from the LSMS surveys for Nicaragua, Peru, Brazil, Guatemala and Panama, I find evidence of significant misclassification in eleven of the sixteen cases that I investigate. I examine three outcomes: employment in the formal sector, pension contribution and job change. There is significant misclassification for all three cases studied for Nicaragua, all three cases for Peru, three of the four cases for Brazil, one of the three cases for Guatemala, one of the two for Panama. Misclassification biases the probit coefficients toward zero and even a moderate degree of misclassification can bias the coefficients substantially. My evidence indicates that there is a moderate degree of misclassification in the formal sector models and in some of the pension contribution and job change models. In some of the pension contribution and job change models both the extent of misclassification and its effects are greater. In some cases no significant misclassification is found; still, it is feasible and worthwhile to investigate this aspect of data quality because even a moderate compromise in data quality along these lines can have substantial effects on the estimated parameters and on ma ny of the predictions. Schooling increases by more than 4 years in a three year period: 2% 
